PATENT ABSTRACTS OF JAPAN 



(11) Publication number : 2002-298646 
(43) Date of publication of application : 11.10.2002 



(51) Int. CI. H01B 1/20 

H01L 27/14 
H01L 31/04 
// H01M 14/00 



(21) Application number : 2001- (71) Applicant : SONY CORP 

103313 

(22) Date of filing : 02.04.2001 (72) Inventor : IWABUCHI KIETSU 

UCHIDA SAT0SHI 
MASAKI SHIGEHIKO 
KASHIWAGI YOSHIYUKI 
FUHA MIH0 



(54) SEMICONDUCTOR PARTICULATE PASTESEMICONDUCTOR MEMBRANE AND ITS 
MANUFACTURING METHOD AND PHOTOELECTRIC CONVERSION ELEMENT 

(57) Abstract : 

PROBLEM TO BE SOLVED: To provide a semiconductor particulate paste that 
can mass-produce a semiconductor membrane of uniform membranea 
semiconductor membrane formed by using the sameand its manufacturing 
methodand a photoelectric conversion element. 

SOLUTION: This is a semiconductor particulate paste which comprises a 
solvent made principally of watera semiconductor part iculateand 
polyethylene glycol having an average molecular weight of more than 
20000pref erably polyethylene glycol having an average molecular weight 
of 500000~4000000and a semiconductor membrane formed by using the same 
and its manufacturing methodand a photoelectric conversion element are 
also provided. 



CLAIMS 



[Claim(s) ] 

[Claim 1] Semiconductor particulate paste comprising". 
A solvent which uses water as the main ingredients. 
A semiconductor particulate. 

A polyethylene glycol in which an average molecular weight exceeds 20000. 

[Claim 2] The semiconductor particulate paste according to claim 1 which 
has an average molecular weight of said polyethylene glycol in the range 
of 500000-4000000. 

[Claim 3] The semiconductor particulate paste according to claim 1 in 

which said solvent is acidity including nitric acid. 

[Claim 4] The semiconductor particulate paste according to claim 1 in 

which said semiconductor particulates are titanium oxide particles. 

[Claim 5] Semiconductor membrane produced by calcinating a 

pas tecompr i sing- 

A solvent which uses water as the main ingredients. 
A semiconductor particulate. 

A polyethylene glycol in which an average molecular weight exceeds 20000. 

[Claim 6]The semiconductor membrane according to claim 5 which has an 
average molecular weight of said polyethylene glycol in the range of 
500000-4000000. 

[Claim 7]The semiconductor membrane according to claim 5 in which said 
solvent is acidity including nitric acid. 

[Claim 8]The semiconductor membrane according to claim 5 in which said 
semiconductor particulates are titanium oxide particles. 
[Claim 9]The semiconductor membrane according to claim 5 which has 
further the sensitizing dye adsorbed on the surface of said 
semiconductor membrane. 

[Claim 10]The semiconductor membrane according to claim 5 in which said 
sensitizing dye contains a ruthenium complex. 

[Claim 11]A manufacturing method of semiconductor membrane characterized 
by comprising the following. 

A solvent which uses water as the main ingredients. 
A semiconductor particulate. 

A process of applying semiconductor particulate paste in which an 
average molecular weight contains a polyethylene glycol exceeding 20000 
on a base material. 

A process of heating said semiconductor particulate paste on said base 
material beyond temperature to which said polyethylene glycol decomposes 
and evaporatesand calcinating it. 



[Claim 12] A manufacturing method of the semiconductor membrane according 
to claim 11 which has an average molecular weight of said polyethylene 
glycol in the range of 500000-4000000. 

[Claim 13] A manufacturing method of the semiconductor membrane according 
to claim 11 with which a process of applying said semiconductor 
particulate paste on said base material includes a screen printing stage. 
[Claim 14] A manufacturing method of the semiconductor membrane according 
to claim 11 which has further a process which makes sensitizing dye 
stick to the surface of said semiconductor membrane after calcinating 
said semiconductor particulate paste. 

[Claim 15] A manufacturing method of the semiconductor membrane according 
to claim 14 characterized by comprising the following. 
A process in which a sensitizing dye solution in which a process to 
which said sensitizing dye is made to stick contains sensitizing dye is 
made to immerse said semiconductor membrane. 

A process which takes out said semiconductor membrane from said 
sensitizing dye solutionand dries said sensitizing dye solution on said 
semiconductor membrane. 

[Claim 16] A manufacturing method of the semiconductor membrane according 
to claim 14 characterized by comprising the following. 
A process of applying to said semiconductor membrane a sensitizing dye 
solution in which a process to which said sensitizing dye is made 
sticking contains sensitizing dye. 

A process which dries said sensitizing dye solution on said 
semiconductor membrane. 

[Claim 17]An optoelectric transducer containing an electrolyte enclosed 
between the 1st electrodethe 2nd electrodeand said 1st electrode and the 
2nd electrode characterized by comprising the following. 

A solvent in which said 1st electrode uses water as the main ingredients. 
A semiconductor particulate. 

A polyethylene glycol in which an average molecular weight exceeds 20000. 

[Claim 18]The optoelectric transducer according to claim 17 which has 
further the sensitizing dye by which said semiconductor membrane was 
adsorbed on the surface after said calcination. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the optoelectric 
transducer containing the semiconductor membrane formed using the 
semiconductor particulate paste and semiconductor particulate paste 
which contain the semiconductor particulate of a metallic oxidefor 
exampleand the manufacturing method and such semiconductor membrane. 
[0002] 

[Description of the Prior Art] Semiconductor membrane sticks a 
semiconductor particulate to a base materialand is useful to an 
ultraviolet absorberan optical materialthe electrical and electric 
equipment and an electronic industry materialthe charge of ornament 
materiala catalysta photocatalystadsorption materiala bioreactoretc. An 
optoelectric transducer is an element which transforms light energy into 
electrical energy using inter-electrode electrochemical reaction. 
[0003] If an optoelectric transducer is irradiatedit will be generated by 
the electron in one electrode sideand will move to a counter-electrode 
through a lead. The electron which moved to the counter-electrode moves 
in the inside of an electrolyteand returns to one electrode. That isthe 
optoelectric transducer can take out light energy continuously as 
electrical energy. Such an optoelectric transducer is used for the solar 
cell etc. 

[0004] Although there are some kinds of solar cellsmost solar cells put 
in practical use are silicon solar cells. These daysa dye-sensitized 
solar cell comes to attract attentionand it inquires actively aiming at 
utilization. The dye-sensitized solar cell is studied for many yearsand 
the basic structure consists of the coloring matter and the electrolytic 
solution which stuck to the oxide semiconductor and the oxide 
semiconductorand a counter electrode. In this casethe thing which made 
the spectral sensitization dye which has absorption in a light range 
stick to a semiconductor surface as a photoelectric conversion material 
is used. 

[0005]For examplethe solar cell which has spectral sensitization dyesuch 
as a transition metal complexis indicated by JP1-220380A on the surface 
of the metal oxide semiconductor. To Patent Publication Heisei No. 
504023 [ five to ]the solar cell which has spectral sensitization 
dyesuch as a transition metal complexon the surface of a titanium oxide 
semiconductor layer on which the metal ion was doped is indicated. The 
optoelectric transducer which has a semiconductor layer is indicated by 
JP7-176773A. 



For exampleas a method of forming semiconductor layerssuch as a titanium 
oxide layerthe crystal raising methoda sol-gel methodan 
electrodeposition processvacuum depositionsputtering processetc. are 
mentioned. 

[0006] 

[Problem(s) to be Solved by the Invention] Many methods of applying the 
suspension (paste) of a semiconductor particulate to a base material 
exist. For examplespreading of the paste by screen-stencil has the 
advantage that there are few amounts of consumption of a pasteas 
compared with the spin coating method or the dip-coating method. 
Generallyaccording to the spin coating methodthe direction of the 
quantity of the paste around dispersed and lost rather than the quantity 
of the paste applied becomes large. Thereforeaccording to the screen- 
stencilthe amount of the semiconductor particulate paste used can be 
reduced. 

[0007] However if a paste suitable for the spin coating method etc. is 
applied by screen-stencilthe viscosity of a paste will be insufficient 
and uniform spreading will become difficult. Generally the viscosity 
about 10 Pa~s (= lOOOOcP) is needed for the paste for screen-stencil. If 
spreading of semiconductor particulate paste is performed unevenlyit 
will become uneven [ the membraneous quality of the semiconductor 
membrane produced by calcinating semiconductor particulate paste ]. 
Thereforethe problem that the energy conversion efficiency of the 
optoelectric transducer formed using such semiconductor membrane or a 
solar cell varies in an acceptance surface arises. 

[0008]Thusin order to attain fertilization of an optoelectric transducer 
or a solar cellit is necessary to give the characteristic according to a 
coating method to a paste. When the viscosity of semiconductor 
particulate paste was raiseda lot of thickeners were added until now. 
The method of supplying hyperviscous semiconductor particulate paste to 
a commercial scene in large quantities and cheaply is not established 
clearly. 

[0009] Semiconductor particulate paste is applied to JP6-188446A by 
screen-stenciland the method of forming semiconductor membrane is 
indicated to it. Howevera polyethylene glycol is added to JP6-188446A 
and adjusting the viscosity of a solution is not indicated to it. 
Although U.S. Pat. No. 4927721 has the statement which applies a 
semiconductor particulate with the sol-gel method known wellthere is no 
concrete statement about viscosity control. 

[0010]When forming the titanium oxide membrane as a photocatalyst with a 



sol-gel methodthe sol of the titanium oxide formed by hydrolysis of the 
titanium alkoxidefor example is heated and calcinated at the temperature 
of 600-700 ** with a polyethylene glycol. As a resultaccording to the 
molecular weight and addition of a polyethylene glycol to addthe 
titanium oxide membrane of the porosity which has an opening of a 
desired path is obtained. The density of titanium oxide membrane is also 
controlled by adjusting the molecular weight and addition of a 
polyethylene glycol. 

[0011] It is a photoelectric cell which has the sensitizer which stuck to 
titanium oxide membrane and its surfaceand the photoelectric cellwherein 
the opening with a diameter of 10-400 nm is formed in titanium oxide 
membrane is indicated by JP1 1-354169A. According to this photoelectric 
cellthe dye molecule of a sensitizer invades and adsorbs also in an 
opening by having at least one opening whose titanium oxide membrane is 
a diameter of 10-400 nm. It is possible to make photoelectric current by 
this increase as compared with the case where an opening is not formed. 
[0012]According to the example of JPll-354169Athe surface share of fine 
pores increases in proportion to the addition of a polyethylene glycol. 
Since the average pore size measured using the atomic force microscope 
(AFM) is 60 nmaccording to the quantity of a polyethylene glycolit is 
checked that the number of the openings in titanium oxide membrane is 
controllable. As a result of adding the polyethylene glycol of the 
molecul ar weights 20006000and 20000 by the same weight and forming 
titanium oxide membranerespectivelyi t is also checked that a pole 
diameter becomes large in proportion to the molecular weight of a 
polyethylene glycol. 

[0013]When manufacturing the above-mentioned photoelectric cella 
polyethylene glycol etc. are added to the alcohol solution of a titanium 
alkoxideand this solution is applied on a substrate with the spin 
coating methodthe dip-coating methodor a spray coating method. Although 
there is no statement about the viscosity of the solution containing 
titaniumfor example as compared with screen-stenci lthe solution of 
hypoviscosity fits these coating methods. 

[0014] To JP1 l~354169Awhen the path of an opening is smaller than about 
10 nmit becomes impossible to make the dye molecule of a sensitizer 
adsorb in an openingand if the path of an opening is larger than about 
400 nmit is indicated that visible light is scattered about and the 
visible absorption of light by a sensitizer is checked. 
[0015]Thereforein order for a pole diameter to be 400 nm or lessit is 
expected that it is not desirable to make the molecular weight of a 
polyethylene glycol larger than a predetermined value. Using for JP11- 



354169A the polyethylene glycol of the polymers that a molecular weight 
exceeds 20000 is not indicated. As mentioned abovein the manufacturing 
method of the conventional semiconductor membranethe viscosity control 
of the paste by choosing the polyethylene glycol of the amount of 
polymers is not made. 

[0016]This invention is made in view of the above-mentioned problemand 
is a thing. 

The purpose is to provide semiconductor particulate paste suitable for 
this invention mass-producing the semiconductor membrane of uniform 
membraneous quality. 

An object of this invention is for membraneous quality to provide 
semiconductor membrane whose productive efficiency it is uniform and is 
highand a manufacturing method for the same. The energy conversion 
efficiency of this invention is uniform in an acceptance surfaceand an 
object of this invention is to provide an optoelectric transducer 
suitable for fertilization. 
[0017] 

[Means for Solving the Problem]This invention is characterized by 

semiconductor particulate paste comprising the followingin order to 

attain the above-mentioned purpose. 

A solvent which uses water as the main ingredients. 

Semiconductor particulate. 

A polyethylene glycol in which an average molecular weight exceeds 20000. 
Suitablyan average molecular weight of said polyethylene glycol is in 
the range of 500000-4000000. Suitablysaid solvent is acidity including 
nitric acid. Suitablysaid semiconductor particulates are titanium oxide 
particles. 

[0018]This becomes possible to raise viscosity of semiconductor 
particulate pastewithout increasing the amount of thickener used 
(weight). Thereforeit is desirable to use a hyperviscous pastefor 
examplecoating methodssuch as screen-stencilenable it to apply a paste 
uniformly. 

[0019] In order to attain the above-mentioned purposesemiconductor 
membrane of this invention is obtained by calcinating a paste containing 
a solvent which uses water as the main ingredientsa semiconductor 
particulateand a polyethylene glycol in which an average molecular 
weight exceeds 20000. Suitablyan average molecular weight of said 
polyethylene glycol is in the range of 500000-4000000. Suitablysaid 
solvent is acidity including nitric acid. Suitablysaid semiconductor 
particulates are titanium oxide particles. Semiconductor membrane of 
this invention has further suitably the sensitizing dye adsorbed on the 



surface of said semiconductor membrane. Suitablysaid sensitizing dye 
contains a ruthenium complex. 

[0020] When membraneous quality of semiconductor membrane becomes uniform 
and applies semiconductor membrane to an optoelectric transducer etc. by 
thisit becomes possible to make an energy conversion efficiency uniform 
in a membranous field. Since viscosity of semiconductor particulate 
paste is highspreading of a paste by screen-stencil etc. is possibleand 
semiconductor membrane can be fertilizedfor example. 
[002l]This invention is characterized by a manufacturing method of 
semiconductor membrane comprising the followingin order to attain the 
above-mentioned purpose. 

A solvent which uses water as the main ingredients. 
Semiconductor particulate. 

A process of applying semiconductor particulate paste in which an 
average molecular weight contains a polyethylene glycol exceeding 20000 
on a base material. 

A process of heating said semiconductor particulate paste on said base 
material beyond temperature to which said polyethylene glycol decomposes 
and evaporatesand calcinating it. 

Suitablyan average molecular weight of said polyethylene glycol is in 
the range of 500000-4000000. Suitablya process of applying said 
semiconductor particulate paste on said base material includes a screen 
printing stage. 

[0022]Suitablya manufacturing method of semiconductor membrane of this 
invention has further a process which makes sensitizing dye stick to the 
surface of said semiconductor membraneaf ter calcinating said 
semiconductor particulate paste. Suitablya process to which said 
sensitizing dye is made to stick includes a process in which a 
sensitizing dye solution containing sensitizing dye is made to immerse 
said semiconductor membraneand a process which takes out said 
semiconductor membrane from said sensitizing dye solutionand dries said 
sensitizing dye solution on said semiconductor membrane. Or a process to 
which said sensitizing dye is made to stick includes suitably a process 
of applying to said semiconductor membrane a sensitizing dye solution 
containing sensitizing dyeand a process which dries said sensitizing dye 
solution on said semiconductor membrane. 

[0023]This becomes possible to apply semiconductor particulate paste 
uniformly on a base material. Theref oreunif orm semiconductor membrane of 
membraneous quality is obtained. Since viscosity of semiconductor 
particulate paste is highspreading of a paste by screen-stencil etc. is 
possibleand semiconductor membrane can be fertilizedfor example. 



[0024] In order to attain the above-mentioned purposean optoelectric 
transducer of this inventionAre an electrolyte enclosed between the 1st 
electrodethe 2nd electrodeand said 1st electrode and the 2nd electrode 
an included optoelectric transducerand said 1st electrodeSemiconductor 
membrane produced by calcinating a paste containing a solvent which uses 
water as the main ingredientsa semiconductor particulateand a 
polyethylene glycol in which an average molecular weight exceeds 20000 
is included. Suitablysaid semiconductor membrane has further the 
sensitizing dye adsorbed on the surface after said calcination. 
[0025]Therebyan energy conversion efficiency of an optoelectric 
transducer can be made uniform in an acceptance surface. An energy 
conversion efficiency of an optoelectric transducer can be made high by 
making sensitizing dye stick to semiconductor membrane. Since viscosity 
of semiconductor particulate paste is highspreading of a paste by 
screen-stencil etc. is possibleand an optoelectric transducer containing 
semiconductor membrane and it can be f ertilizedfor example. 
[0026] 

[Embodiment of the Invention] Belowthe embodiment of the semiconductor 
particulate paste of this inventionsemiconductor membraneand its 
manufacturing method and optoelectric transducer is described with 
reference to drawings. The semiconductor membrane of this invention is 
formed using the paste containing the solvent which uses water as the 
main ingredientssemiconductor particulate powderand the polyethylene 
glycol in which an average molecular weight exceeds 20000. 
[0027]A polyethylene glycol is added as a viscosity controlling agentand 
the paste of the suitable hyperviscosity especially for screen-stencil 
is obtained by choosing the polyethylene glycol of the above-mentioned 
molecular weight. As a result of changing the molecular weight and 
addition (weight) of a polyethylene glycol and preparing a pastewhen an 
addition was the samethe hyperviscous paste was obtained for the one 
where the molecular weight of a polyethylene glycol is larger. That 
isaccording to this inventiona high thickening effect is acquired by 
adding a small amount of polyethylene glycols of the amount of polymers. 
[0028]The semiconductor particulate paste of this invention shows the 
suspension in which various kinds of metal oxide semiconductor particles 
including titanium oxide were distributed. The kind of metal oxide 
semiconductor particles distributed in semiconductor particulate paste 
can be suitably changed according to the purpose of usea useetc. 
[0029]When using the above-mentioned semiconductor particulate paste for 
formation of a photoelectric conversion materiala catalysta 
photocatalystcatalyst supportadsorption materialetc. it is preferred that 



semiconductor particulates are particles of titanium oxidea zinc 
oxideniobium oxideor tungstic oxide. At this timeas for a solid-liquid 
ratioit is preferred that it is about l-60wt%and it may be 4 - 30wt% 
suitably. When you use titanium oxide particles as a semiconductor 
particulatelet the particle diameter of particles be several nanometers 
- about 10 nm of numbers. The specific surface area of titanium oxide 
becomes largeso that the particle diameter of titanium oxide is small. 
[0030] In this inventionthe solvent used as carrier fluid can be suitably 
chosen according to the purpose of usea useetc. By electrifying the 
surface of a semiconductor particulateit is possible to make a 
semiconductor particulate repel mutually and to distribute it uniformly 
in carrier fluid. Thereforeas for pH in a solutionit is desirable that 
it is separated with the isoelectric point of a semiconductor 
particulate. 

[0031] If a solution is made into pH two or less strong acid nature when 
preparing the paste of titanium oxide particlestitanium oxide particles 
can be distributed uniformly. In this caseacidsuch as chloridesulfuric 
acidand nitric acidis addedand a solution is made into acidity. Since 
titanium oxide is chemically stableeven if it adds these acidit does not 
deteriorate. It is preferred to use especially nitric acid from the 
existence of the residue after calcinating a pasteetc. 

[0032]In this inventionthe polyethylene glycol can use that as which the 
commercial average molecular weight was specified. As for especially the 
molecular weight of a polyethylene glycol500000-4000000 are preferred. 
It decomposesand the volatilizing temperature does not pose a 
problemwhen the thing of the molecular weight 500000 is around 320 
and the thing of around 250 ** and the molecular weight 4000000 forms 
semiconductor membrane for all. 

[0033] Although the thickening effect of these polyethylene glycols 
changes also with the kinds and quantity of a semiconductor particulate 
to distributethe polyethylene glycol of the molecular weight 4000000 
shows an about 5 to 10 times [ of the polyethylene glycol of the 
molecular weight 500000 ] thickening effect. 

[0034] It is also possible to mix suitably the polyethylene glycol from 
which an average molecular weight differs according to the use of 
semiconductor membranethe kind of semiconductor particulate to 
distributeetc. and to adjust the viscosity of a paste. When preparing a 
pastea semiconductor particulate and a polyethylene glycol can be 
uniformly distributed during a paste by using a ball mill. 
[0035]Thusthe hyperviscous paste which fitted screen-stencilfor example 
is obtained by adjusting the molecular weight and addition of a 



polyethylene glycol. By applying semiconductor particulate paste by 
screen-stencil it becomes easy to mass-produce the semiconductor membrane 
of uniform membraneous quality. 

[0036] The base material of the semiconductor membrane of this invention 
can choose construction materialshapea sizeetc. suitably according to 
the use of semiconductor membraneetc. As construction 

rnaterialglassmetalceramicsetc. are mentionedfor example. Howeveras for 
the construction material of a base materialwhat does not deteriorate 
with heating at the time of calcinating semiconductor membrane is 
desirable. 

[0037]As for calcination of semiconductor particulate pasteit is 
desirable to carry out by heating beyond the temperature to which said 
polyethylene glycol decomposes and evaporates. If neededa binder etc. 
may be added in semiconductor particulate paste in addition to a 
polyethylene glycoland by setting up calcination temperature 
suitablythese additives can be made to be able to remain or can be 
removed. 

[0038]Nextthe optoelectric transducer of this embodiment is explained. 
Drawing 1 is a sectional view of the optoelectric transducer of this 
embodiment. As shown in drawing l the optoelectric transducer 1 of this 
embodiment has as an electrode the titanium oxide membrane 2 formed 
using the paste which contains the polyethylene glycol of the amount of 
polymers as mentioned aboveand has the counter-electrode 3 further. The 
titanium oxide membrane 2 is formedfor example on the transparent 
conductive glass substrates 4such as ITO (indium tin oxide). 
[0039]As the counter-electrode 3the transparent conductive glass 
substrate 6 covered with the platinum layer 5 is used. The electrolyte 7 
is enclosed between the titanium oxide membrane 2 and the counter- 
electrode 3 which are electrodesand the electronic transition layer is 
formed. This optoelectric transducer 1 transforms light energy into 
electrical energy using inter-electrode electrochemical reaction. 
[0040]If this optoelectric transducer 1 is irradiatedit will be 
generated by the electron in the electrode of the titanium oxide 
membrane 2and will move to the counter-electrode 3 through the lead 8 
provided between the electrodes 2 and 3. The electron which moved to the 
counter-electrode 3 moves in the inside of the electrolyte 7. Thuslight 
energy is transformed into electrical energy. 

[0041] If the redox system (redox couple) which can take the state of an 
oxidation type and a reduction type reversibly is made to exist in the 
electrolyte 7the electron which moved to the counter-electrode 3 will 
return the oxidation type substance of a redox system. The reduction 



type substance produced as a result oxidizes by the electrode of the 
titanium oxide membrane 2and returns to an oxidation type again. Thusthe 
optoelectric transducer in which the redox system was made to exist can 
continue light energycan transform it into electrical energyand can be 
effectively used as a solar cell. 

[0042] In order to raise the utilization efficiency of light energy to 
the titanium oxide membrane used as the electrode of an optoelectric 
transducer it is preferred to make sensitizing dye adsorb. As a counter- 
electrodethe glass plate etc. which coated the transparent conducting 
filmfor example can be used. As an electrolytevarious electrolytessuch 
as negative ionsuch as positive ionssuch as a lithium ionand a chloride 
ioncan be used. 

[0043]As a redox system made to exist in an electrolytean iodine-iodine 
compounda bromine-bromine compoundor quinone/hydroquinone can be usedfor 
example. The optoelectric transducer of this above-mentioned embodiment 
can be used effective in a solar cell etc. for example. 
[0044] (Example 1) Titanium oxide powder was used as a semiconductor 
particulateand semiconductor particulate paste was prepared. Titanium 
oxide powder used the thing (Ishihara Sangyo KaishaLtd. ST-01) of X ray 
primary-particle-diameter [ of 7 nm ]and specific surface area [ of 300 
m ] 2 /g. Using water as a solventthe paste was prepared so that solid 
concentration might be 30wt%. 

[0045]To this pastethe polyethylene glycol of the average molecular 
weights 2003005006001000154020003400400060008000200005000002000000and 
4000000. the ratio for titanium oxide — 40wt% — the viscosity of each 
paste when it adds is shown in drawing 2 . 

[0046] it is shown in drawing 2 — as — the polyethylene glycol of the 
average molecular weight 500000 — the ratio for titanium oxide — 40wt% 
— the viscosity of the paste was set to 12. 7 Pa and s (=12700cP) when 
it added. This paste has sufficient viscosity for screen-stenciland can 
form the titanium oxide membrane of uniform membraneous quality by 
screen-stencil. 

[0047]As compared with the paste in which the paste using a with an 
average molecular weights of 500000 or more polyethylene glycol used a 
with an average molecular weight of 20000 or less polyethylene 
glycolviscosity increases by leaps and bounds. Thereforethe 
semiconductor particulate paste of the suitable hyperviscosity for 
screen-stencil is obtained by using the polyethylene glycol of the 
average molecular weight 5000002000000or 4000000. 

[0048] (Example 2) Like Example lthe titanium oxide powder (Ishihara 
Sangyo KaishaLtd. ST-01) of X ray primary-particle-diameter [ of 7 nm ] 



and specific surface area [ of 300 m ] Vg was used as a semiconductor 
particulateand semiconductor particulate paste was prepared. After 
preparing the pasteusing water as a solvent so that solid concentration 
might be 30wt%nitric acid was added and pH was adjusted to 1. 5. this 
paste — the polyethylene glycol of the average molecular weight 500000 
— the ratio for titanium oxide — 40wt% — it added. 
[0049] The paste produced by performing it above was applied on the 
transparent conductive glass substrate by screen-stencil. As a 
transparent conductive glass substratethe glass substrate which has an 
ITO film of 27ohms of sheet resistance / ** on the surface was used. It 
calcinated at 450 ** after spreading of a paste for 50 rninutesand 
titanium oxide membrane was formed. Thusthe thickness of the obtained 
titanium oxide membrane was 15 micrometers. 

[0050]Ru(II) (bipyridine dicarboxylic acid) 2 (isothiocyanic acid) 2 
(product Ruthenium made by Solaronix 535-bisTBA) which is a ruthenium 
complex as sensitizing dye was made to stick to this titanium oxide 
membrane. Adsorption of sensitizing dye was performed by making the 
ethanol solution of sensitizing dye immerse titanium oxide membraneand 
drying titanium oxide membrane after that. 

[0051]Nextin order to investigate the photoelectric transfer 
characteristic of the titanium oxide membrane produced by making it 
abovetitanium oxide membrane has been arranged so that it may counter 
with the counter-electrode covered with platinumand the electrolysis 
solution (TG50 by Solaronix) which makes iodine-iodine compound ion a 
redox couple among them was enclosed. The optoelectric transducer of 
optical usable area [ of 5 cm ] 2 was obtained as mentioned above. The 
energy conversion efficiency of this optoelectric transducer is 0. 9%and 
functioning as an optoelectric transducer was checked. 

[0052]According to the semiconductor particulate paste of the embodiment 
of above-mentioned this inventionit becomes possible to raise the 
viscosity of a pastewithout making the addition (weight) of a 
polyethylene glycol increase. Thereforeit becomes possible to apply a 
paste uniformly by screen-stenciland semiconductor membrane and the 
optoelectric transducer using it can be fertilized. 
[0053]The embodiment of the semiconductor particulate paste of this 
inventionsemiconductor membraneand its manufacturing method and 
optoelectric transducer is not limited to the above-mentioned 
explanation. For exampleit is also possible to apply the semiconductor 
particulate paste of this invention by methods other than screen- 
stencilsuch as a doctor blade method and the squeegee methodand to form 
semiconductor membrane. In additionit is a range which does not deviate 



from the gist of this inventionand various change is possible. 
[0054] 

[Effect of the Invention] According to the semiconductor particulate 
paste of this inventionit becomes possible to mass-produce the 
semiconductor membrane of uniform membraneous quality. According to the 
semiconductor membrane of this invent ionmembraneous quality can be made 
to equalize. According to the manufacturing method of the semiconductor 
membrane of this inventionit becomes possible to manufacture the 
semiconductor membrane of uniform membraneous quality with high 
productive efficiency. According to the optoelectric transducer of this 
inventionit becomes easy to make an energy conversion efficiency uniform 
in an acceptance surfaceand to fertilize an optoelectric transducer. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is a sectional view of the optoelectric transducer 
of this invention. 

[Drawing 2] Drawing 2 is a figure in which starting Example 1 of this 
invention and showing the molecular weight of a polyethylene glycoland 
the relation of paste viscosity. 
[Description of Notations] 

1 [ — A transparent conductive glass substrateS / — A platinum layer7 
/ — An electrolyte8 / — Lead. ] — An optoelectric transducer2 — 
Titanium oxide membrane3 — A counter~electrode46 
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000000000000000 
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->\>£*m?z>*mtemk^-7. h. 

[If mm 2 ] t5f E# 'JxfL->"?- □ -;KD¥«3$*?S 
^500, 0 0 0~4, 0 0 0. 0 0 OtD^HlC^^fi 

mz&mimwz^*; m&?&z>nmm 

1 1BK<7)¥^{*«S*a^-X h„ 

«hs ¥&)tt : f-m&2 0. OOO^^JlfUV'?' 
'J □ -■/!/<!: S-^fc^-T. h^fiKLTtiSn^^Si* 

Mo 

[ff3£H6] BulB7K'Jx^U>^'J=i-/KD3plS)^ : ?M 
1^5 0 0. 0 0 0~4. 0 0 0. 0 0 0<DSSHCfe^>if 
^5fBK^¥##Mo 

5lBK©¥^Ko 

[flails] H5IB¥«i*SS«S?t*^k^^>^!fi?Tife 
£ * 8 (c W IT ^II^JS 5 IBIEtf>¥3?Wgo 

2 o. OOO^^tfyx^Uv? 
MIB^Jfft±WMfB^f*?»ttt^-^h^. b5IB*°'J 

1^5 0 0, 0 0 0~4, 0 0 0, 0 0 OCDSBSKC^ 
M^JII 1 1BKO^ftMwKil^io 

1 1 1BIE<7)i»i©#lla)^ii^;£o 

[fg^Jii 4] n3E*sw»att^-^h*<aaLfe 
^eic^r^fimis 1 i iasro4i^<*)i©^^^-;io 

[M$31 5] MIBti^6II^PSS*-y:^l^fi. 

mzmm&mmmfr e titB^®»M^ix y ta u taie* 

[ti*i£i1 6] SulBlt^fem^qSS^^^Ifil*. tog 



BuiB¥3i*IS±©MIBiiSEfe|g-S5ffi«iE<i^-&SXet 

©an t m 2 <dw.® t ors ica a* ntcmmn t «^t> 

Miami ©SUli, "T^ig.!:. 

^^m^2 0, 0 0 O^S^tf'JX^U 
>^yn-yu,t^G^-zh^^LT#e.n^s 

[000 1] 

[^©s-rsaastts] ftijLa&Bstbtt 
fe^-x h^jB^Tff^^n^aswgfccfctf*©!! 

[0 0 0 2] 

[&3fc©fir<fi] ¥#<*)gli. ¥#**lfc?*3a#*U:@ 
m?«*k £ftiBtt$k MdK. 3tftMK, "»»«, K-r* 

yT'^f-tficwfflT'fiSo y£S^«sig?ttx msn© 

[0 0 0 3] 3t^»JR?fcJt*BS»r*t, -^Of 
L, 'J - KIMriS-p T»W»C»«rr 

**ftx * jl/*- <t LTSgSWlcK y«tti 6 s RjfgT- 

[0004] ^nmsteUJitKoft^as^SSbv % 

fc^o s& fesi6*HB*ii«ii!!*i { aatns«fe5»ca: 
y, *fflib*a»LTSai=w»*nTt^a. fe^tg^ 

sidRa^-ttfctw^ffl^e+xTt^o 

[0 0 0 5] 0J*.tf x »M¥1-22 0 3 8 O^ii^lC 
S?5-50402 3tUH *JB-f*V#K-y*n 

i*sfeji6*sr*±ii«?fe#iBtts*iTi.**o mm 1 7 



(3) 



^2 0 0 2-2 9 8 6 4 6 



-1 7 6 7 7 3^mzit. *mtom*G?z9tnm& 

[0 0 0 6] 

(^-X h) *£jtflc\iW&T £7a < ???E-r *„ 

mzif* x^y-v-Epgijicj^^-xh©^^ 

T> ^-Xh©;ligMtf'J>fc^<t^5*Uj££t»o 0 — « 
Xbf>3— =-(•> <7~ : ,£lz <£ tUS\ ^ftS-ti-S^-X 

hoDficfc y i>mmizmm.i.Tm9zTz>'\-x \~ <dio^ 

[0 0 0 7] LfrL&tf.^ X t° > =1 -=• lc 

^-X hO*£)gA^SLTig— ^^fi3*?Sil<h^:-5o X 
?y->0]BiJffl£K<-X hleli, — (ISlC 1 0P a • s 

(=io. o o o c p) nmvri&mtr'XmtznZo ¥ 

SHWWtt^-X ^©^tfTfcD-l^tan^.h. ¥SP 
fMWft^-X ^&J$LTm6tt^¥«<*SS©l!SStt 
Ltctf^T, £©£ dJMUMtilSflll^ 

[0 0 0 8] C^cfc^tC %«&&J*?-¥>*n«ft©S 
a{b*H*(Ctt» ^frfctCJSC/c&ISfe^-XKcft 
fc-B-^i^^S^o ^ttW&^-X h©5f£Jg:£-htf" 

[0 0 0 9] ^^6-1 8 84 4 6^^IB(Cli. ¥^ 
tt«*a?^-X l-£0!l;jLtfX*' J-VEPBJlcJ: UM^iL 

^¥6-1 88 446^f6tCtt. tf'JX^ 

tCO^Tt*f2KT*-nTt^t\ 3:7c, ^#1*314 9 2 
7 7 2 1 ^tcli, <fc<*QSftT^%^U-^l/;£U:<J:y 

ttsnsicnr 

*JI(*M4l3K»4*t\ 
[0 0 10] MBafcLTaWb^vBfc^jU-yiU 
5£fcJ:»J»BfiW*iS^ <9J^.tf^^>7 7 ;U=l*i> K©J)Q 

7l>y?<jZl-)\/£t'$>lZ6 0 0~7 0 0 0 C©jglgT*l)n 

'J x* Uv^fU :3-jl/a&n&£tf«n«*ttr « 
cilery. ^fc^^v^eStMSP^n^o 



[0 0 1 1 ] ftffl* 1 1 -354 1 6 9^4iSBl£:l*. K 

y. ^^ff^L&^iS^lcib&LT. ytMy&*mi)QZ 
[0 0 12] #P^¥1 1 -3 5 4 1 6 9 ^4i$E©Sfi£0lJ 

t, Mft«>«!E£s*jBy»inr-5o jR^n^HimiR (a 

F M) ^m^TM^ntcW-^sm^imif 6 0 n mTS« 
Ct^S, #yx^U><fy=i-;l/(D«UfSL:Tx Kfb 

iffc. «?12 0 0 0, 6, OOOJ5,t:lf2 0, 0 

o o<o#y x^ u>^y n-i^zm cmm-cma lt. 
tntnm^^^m^mm Ltzmm. mumtf* y x 
^u>-7~y □-;K7D»?aichbfidjLr±* < fcsc it. 

[0 0 13] ±B©jl|£WJfc«r«Bfir*W^ ^^>7iU 

Koy/i/n-^u^ic^y x^u>"7~y a-iu» 

>£s f -f 7 73-f-f >^"if fcli^7L/- □——-<> 

[0 0 14] ItBITI 1-3 54 1 6 9^fg(C 

tt, 0nmJ:y'J»il^, SMiftlcJaS 

Sii«»4 OOnmJ: »J RTflWfitflMSLLTlBS 
9J IC J: * RT«3fc©i»iK#Rl* C <k tfiBi£*nr t> 

[0 0 15] LfctfoT. «?L8*4 0 0 nmLXFLT 
M¥1 1 -354 1 69 mZWIZlt. ttmtf 20. 0 

o o^i§^s*3^^»^o^yx5 1 u>'7'y=i-/u^ 

it. ae*fl!)¥*f*iii©8Bs*aicfe^TW:, »«^m© 
?Kyx5 L u>^yii-;b«-siR-r?.c<bu<t^^-x h 
©itesi(ii^i*^*nTt>%t> 0 

[0 0 16] *«Wtt±IB©ffllffl^tC«*T«:**l/-c i t. 

*fas-r*©itiiL/-c¥®fl£a«tt^-x h^ji^-r^. 



(4) 
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[0 0 17] 

zmmt. *»»»ft?t. to»m#2o, ooo 
^s*. -a * u x ^ b > ? u =t u t **rr s c t. 

^?Sl±5 0 0, 0 0 0~4. 0 0 0. 0 0 0(7)$EiaiC 
*S, »iSlCl*. MiB^iSHiSBS^^^ &t£T*So 

[0 0 18] ctucfcy. vn&mommm mm) 

turn* Lt\ mats** >)-yfvwm<r>m?ixii5mz£. 
y, ^.-xh^—icm^r^zitts^mt^. 
[ooi9] ±ta<7) a 2>tc&. *mw<D*m 

fiiisoo. ooo~4, ooo, o o oa^SHKfc 
mica. m^mtemb^zmtTv^mtL+T&z* 

[0020] dtuccfcu. mmi*m(omntfi%-ttj; 

y„ ^flsfii^T'cS^lg^^jiaffl L/c^lc. 
[002 1] ±ieo)a«^iifi!6-rsrc(«). *ma<D¥m 

*a?<h, 3 F^»?M2 0, OOO^S^-^^'JX^U 

t*&mtrz>o &miat. HuiB^ux^uvyjzi- 

;U<D¥^l»?Mli5 0 0, 0 0 0~4, 0 0 0, 0 0 0 
AMEBIC**. JffiltcUu *JI3*WW»tt^-XI** 

[0 0 2 2] *§gB^(D^i*M<7)©il^^l*. «9IC 



fcSfc*r*I«^ H5iB*3S<tK±WMiB«S5feSSSi« 

[0023] c*ucj:»a aiawM»ttT^-xh*a» 
[0024] saic. ±Ea>aw*afiErsfc*6» *« 

0, 0 0 0 ^a^.%#'J if L/V^'J □-;l/t&ttJ^ 
Wglut*, BuSB^-fWKMu BufBJ8fiE&fc«®fc 

[0025] cnicfcy. 3t«aE»*?«)x*.ju*f-x 
eyearra—icTsc £fc, * 

#{*«[=*«&** Cilery. ftmg&iiS 

?©x*jU:£-«S^**K<T*E£#T*S. * 

[0 0 2 6] 

i»* t» Tisj^s*^ o, o o o*ffl*S/:Kyx7-u 

[0027] #'JIfl/y^'J a-iUttttJBHHWt L 
T^iD*ns iKo^aodfyx^uv-jfya-ju* 
sir-ts c t (c j; y % x -7 y - vep»jic»iiG:g«fi 
gdD^-xhtffsns. ?Kyx^u>-yyzi- 

JU«»?Ste<fel>^J)Dm (It) ££*.T^-Xh£fJIl 

b>^y =1 -;u^'>s^iar s c: <t tc«t y , x t^MttSb 
[0028] *Km<D¥m#w.tiL?-^-z tut. m\t 
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[0029] ±.mo>*mi*miL^-x h *Kw&fett 
m-Sit. J|i»*«tt?il«fbffx IHbffiiB. SHbx 

LIA, @iSJ±l* 1 ~6 0 w t %S1T'S5C 

<ttf»SL<, 4fjl(Cli4~3 0wt%m, 

ttStt»nm~»1 Onmigtn. »b^*V©tt 

[0030] *9Mi££iv?« tti&i&tisi&mmtefcm 

owatwiTM - t<«a* lc\ 
[0031] Wbf^vatt^-x htntTil 

[0 0 3 2] *$gfEfc33l/>T» #'jx^u>yja-;u 

XVurisXfV^l-JUDttmitftlCS O 0. 
00 0-4, 000. OOOAWf LlA, ttfiSLTfffg 
T-SSfittx »?15 0 0. OOO<D i fc0>tf2 5O' > CB5 

& » J ffi4. 0 0 0. o o ow^cDtfs 2o ,, CB^j^r^ 
a5y. ^r*it.*»f*«*«Hr*±TiaHfcasa 

[0 0 3 3] ^tiero^'Jx^UXf'J^— iU©lg*5«!) 

<br«#» »fl4, ooo, ooooifuifi/vf 

'J 3 5 0 0. OOOC/f'Jl^UV^'Ja 
5~ 1 OfgfUtlClitttSfim^^-ro 

[0034] ¥9ftR4>A§a^ #**-e*4M»f«*tt 
^©aswjicfSUT* ¥is»?*©ws:*tf'ji*u> 

^y3-;l/*^-Xh«*>»cJ^-lc»»*-tt*ci:fl5T* 

So 

[0 0 3 5] C©«fc3K, #yx^-UV^'j3— ;K35» 

?a <t amfisfsair * c t ic * y , m*. wax *? y - > 
x h ©^*p* x ? y - >aw-FfT 3 c t icj: y . 

«3-fc!IW©¥i§«*liI£mjl-r S c «b §H <b 

[oo3 6] *sgB.s©¥«?ttiii©£i#<*u\ *m&mv> 



[0 0 3 7] KDJftjSWi, MlBtf'J 

fM*iw< - x h tf # y x * u > $f y =i - j mnizt s 

Cilery, EftS©*to**5!lB*tffcy, »«W4 

[0 0 3 8] *|C % *jeBSJEttW)3t«a»*?U-3^? 
ISB^-r^o 0 11*. 44Qreil0tttt£flUIHF4>Wa6B 

1 ±IB<DJ;3lcKa?*©:d?y x^ l/>f'J n-/U 

h«m^T&a?*ifctt<b?*:'n2«a 

2lt. gUsttf I TO (indium tin oxide) ??<Di§BJlW 
[0 0 3 9] x4ffiH3 <t LTtt«Jttfe*Ji 5f«B4 

&a**u «?»wiji3j«Ba*nTf *. c©%*£& 

ft? 11*. ««H©«*Mb$aElfc«?»JJlLT» %X*JU 

^-^•six^iwf-tcxjftr*. 

[0040] C©3fe«£Jft*?1 l=3ttt!i«r*t» ■ 

itsnfcy-K«i8*iioTa«S3»c»ttr*. at 

[004 1] SHbSteJclfSTC^CD^ffi^RliS* 
«i=i»J»*J:3aBMbJB7c» «Kb»7E») 
M7^tc^S*-B-^,»:. *nH«3»cW«jLfc«?ttlMb 

^b^^>P2(DTOT : ^bTtnTSlj : ^bS 

Jtx*iu=p-*««iLT««x*iU4f-ea«i-r 
[0042] xm&&mwm®£r J .2 > mitm>mic 

t#»*Lt\ ^SfiitLri*. 0!lx.ura 
[0 0 4 3] «»K(f(«Sffi*1**»fba7E5Kt LT 
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[0 0 4 4] mmm 1 ) ^mt^mm^t LTmitm 

^<b^^>if»*ttX^-^^17 nm, J±§l®*»3 0 
Om2 /g£D*,(D CEJgg* Of*) ST-01) £<£fB Lfco 

U:^-Xh£IIIIS,L7co 
[0 0 4 5] £ <Ds\- X h (C^tSj^s 2 0 0, 30 
O, 500. 6 00> 1, 000, 1, 540, 2, 0 
00, 3, 40 0, 4, 000, 6, 0 0 0, 8, 0 0 
0, 20. 00 0, 5 00, 000, 2. 00 0, 0 0 
O, 4, 0 0 0, 0 0 OWtf'JxT-U^'Ja— 
MitT-fyttT* 0 w t %-^}3P Lfct* ©S^-X h<D 

[0 0 4 6] a2»CjSfJ:3H:. ¥^fi5 0 0, 0 

o o <D#> ) x f- u > ^ 'j □ -^nm^ * > Jtr 4 0 

w t %^sjn L/c <t H S, ^-X h ©ifiSJtli 12. 7 P a 
- s (=1 2, 700 cP) t&oft, ClD^-Xhli 

x^ u-vepBijic+^&sKS^^u x? y-vamu: 
<t y «D-&nsi<DSHb*$ ym^mmr^^. t tfr-J 

So 

[0 0 4 7] ¥*9»ffi5 0 0, OOOJ^JzcO*" 

2 0, 0 0 OWTO^Jx^UV^U □-/U^-JBl/'fc'* 
-XHcjt&LT, ttg^mSIMlcti^-r^o Lfctfo 
T, ^PElttT-fi 5 0 0 , 0 0 0, 2, 0 0 0, OOOf 
fcitA, 0 0 0, 0 0 Ot7)7t?'JX^UV^'JZI-jU^ffl 

[0048] (gffiffl 2 ) HJ&flJ 1 ,»: |HI«llc, 
*4?<t LT X «— 3tf»S 7 n m, tt^SfS 3 0 0 m2 
/gc7)i£<b^2>*»3l? PEJSS* (80 ST-01)*flEfflL 

t!,LTfr6. fH^JDTlTpH^l . 5fcMSLfc. C 
(TD^-T-hlC^^MS 0 0, 0 0 Oc^tf'Jl^UV 

^ 'J a-i^SHkf »tt?4 o w t %»»Lfc. 

[0 0 4 9] ±f3c7>cfcdlc LTiiStlfc^-X X 
/c„ »IU§W»l£*f5X»S£LT«:» ->-hfii)n2 7Q 

/□© i TOK^Sffiic^-r^.*i7XS«^m^fco ^ 

-X h-cT)!^, 4 5 0°CT5 OttJfcfiKLT, KHb? 1 * 

>m*mm Lfc, co,* k LTfte.ti/cSHb? 1 ? v« 
[0 0 5 0] z<DMitm>miz. ^m&mtLTi^ 



- -7 AUttT&S R u ( 1 1 ) (tffcfy i» - i?* ;U#> 
^) 2 WVf*->7>K) 2 (Solaronix *tg,Ruthen 
ium 535-bisTBA) ^mm^ittc. JME&JROiftffti* Jf 

[0 0 5 1] IXicT^^lcLTiiSftfcIHt?* 

(DP^lC 3 -5 JR- 3 ■5*fb^*-r*y*»bjl7C» it S 
^flSSK (Solaronix *±STG50) £&ALfc„ jJl±fl>J:5 

fc. co^maiiisifftox^iUf-aiftaifstto. 9% 

7c„ 

[0 0 5 2] ±IE<©*58W©SOBJBMIOi|£»*«tt-T^ 
-XHiitilf, 7K'Jx^bv^'Jzi-;KD;^J[lS (II 

s) *jmm*-&rtc» ^-xh©ii£g£jzifsc:<!:#pr 

t£<t&So LfcffoL X-7U->£DBUU:J:yiig-tC^ 
[0 0 5 3] *««W)i|MJW*«tt?^-Xh, 

x*- v5S^, x-7 y - vEPBijtx^o^^l;: «fc y *S8P.B 

[0 0 5 4] 

<b3^T$So *58W©*SWMH©8lifi*S6lcJ:htf» i5 
[01] H 1 (**^c7)7 , c®^^tT)KTlSlll7-^^o 

[ m 2 ] i2 tt ^.wmmmm 1 ic« y , ^ y x ^ u > 
-7~y n-^KD^ai^-x Mfts©B8«*^rHT* 

So 

[??#©ia^] 
», 8-y-Kta. 
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(72)^0^ sse aim 
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